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6 Energy Dependence of the Λ/Σ0 Production in Proton-Proton Collisions

Near the Hyperon-K+ Thresholds∗
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The energy dependence of the reactions pp → pΛK+ and pp →
pΣ0K+ and the ratio RΛ/Σ0 is studied in a constituent quark-gluon
model, including the excitation of the baryon resonances N∗(1650),
N∗(1710) and N∗(1720) near the Λ/Σ0 thresholds. Representing the
baryons as quark-diquark objects, the energy dependent ratio RΛ/Σ0 ,
which is qualitatively reproduced up to excess energies of 60 MeV above
threshold, provides detailed information on the momentum spectrum of
axial diquarks in the proton and the Σ0.
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A large fraction of physics at COSY is the investigation of exclusion heavy meson
production in pp → pBλ near their corresponding thresholds (λ refers to different
mesons with masses ≤ 1GeV [1]). In particular associated strangeness into Λ, Σ
final states [2] has been measured at COSY-11 ([3]-[5]) and COSY-TOF [6]. The
most striking feature of the data is the ratio

RΛ/Σ0(Q) =
σ(pp → pΛK+)

σ(pp → pΣ0K+)
(1)

(as a function of the excess energy Q =
√

s−(MP +MY +mK+) with Y = Λ, Σ0

and
√

s as the center-of-mass energy) as shown in Fig. 1: close to threshold with
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Q ≤ 10MeV the Σ0 is suppressed relative to the Λ by a factor 30 and at Q ≤ 60MeV
still by one order of magnitude. Opposite, for large Q > 300MeV the Λ/Σ0 ratio
approaches ∼ 2.5 [7], as expected from isospin relations.

So far, the ratio RΛ/Σ0 (Q) has been investigated in two classes of meson-exchange
models. In particular the models of the Jülich group involve π and K-exchange,
where their relative phase interferes constructively or destructively in the coherent
sum ([8]-[10]); or π and K exchange are summed incoherently. In the second class
of models the reaction mechanisms are dominated by heavy meson exchange to-
gether with the excitation of N∗ resonances around the Λ, Σ0 thresholds ([11]-[15]).
The different results, summarized in ([1][2]), point out that all models (with con-
structive πK interference in the Jülich model) qualitative reproduce the decrease of
RΛ/Σ0(Q) with increasing excess energies, without allowing, however, quantitative
conclusions on the dominant production mechanism.

In this note we approach Λ and Σ0 hyperon production differently: in view of
the typical momentum transfer of ∆q ∼ 900 MeV/c even at threshold, we model
the strong overlapping hadrons in terms of the constituent quark and gluon degrees
of freedom.

Thereby we expand the production operator in terms of multiple gluon exchanges
up α3

s, with αs being the strong coupling constant at the squared qqg vertex (contri-
butions from the 3-gluon interaction ggg are so far not included). With the standard
one-gluon exchange (QGE) qq interaction [16]

V qq
ij (q) = 4παs

~λa
j
~λa

i

4

γµ(i)γµ(i)

q2 − m2
q − iǫ

(2)

the qq interaction, upon reduction of the corresponding Dirac spinors, involves
central, spin-spin, spin-orbit and tensor terms [16][17], while the excitation of the
K+ meson in q → q(qq̄) leads to([17][18])

Vq→q(qq̄)(~q) = 4παs

~λa
i
~λa

j

4

1

mqm2
g

((~σi × ~σj)~q + 2~σj~pi) (3)

As our investigation focuses on a very restricted range of momentum transfers
we drop the smooth momentum dependence of the various effective parameters with
αs ∼ 2, mq ∼ 330 MeV and mg ∼ 800 MeV, as obtained from hadron spectroscopy
in improved non relativistic quark model (keeping the leading nonstatic corrections
at the vertices). Among the various contributions in powers of αs [19], the leading
term is the exchange of a color singlet gg-pair, followed by the QGE induced qq̄
excitation as shown in Fig. 2 (together with the corresponding diagram in meson
exchange models); it quite naturally leads to the excitations of intermediate baryon
resonances. In this calculation we include the N∗(1650), N∗(1710) and N∗(1720)
around the Λ, Σ0 thresholds [20].



The crucial input for the transition amplitude is the simplification of the 6q and
6q − (qq̄) many body problem for the pp and the pY K+ systems, respectively: we
represent all baryons as a q− (qq) diquark systems. Classifying the proton from its
spin-isospin (flavor) structure, it is a superposition of a scalar S = T = 0 and an
axial S = T = 1 diquark

|p >∼ CS
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(4)

(for all quarks being in relative 0s states) with CS = CA = 1√
2

without dynam-

ical correlations in the diquark systems. Now, different approaches to the quark
structure of the proton, such as on the lattice ([21][22]), the Dyson-Schwinger and
Bethe-Salpeter framework ([23]-[26]) and in covariant ([27][28]) and non relativis-
tic quark models ([29][30]) all confirm much stronger correlations for the scalar
versus the axial diquark: most observables of the proton are semi-quantitatively de-
scribed in keeping only scalar diquarks. Following ref. [30], typically (C2

S ∼ 0.95) ∼
(10 − 20)(C2

A ∼ 0.05) with mS ∼ 600MeV < 2mquark ≪ mA ∼ 800MeV .

Λ/Σ0 strangeness production provides an excellent opportunity towards a de-
tailed diquark structure of the proton: the scalar nature of the Λ

|Λ >= ΦS(r)
[

s[ud]S=T=0
]

1
2
µ,00

(5)

and the axial structure of the Σ0

|Σ0 >= ΦA(r)
[

s[ud]S=T=1
]

1
2

µ,10
(6)

select (non-flavor changing) transitions from the proton. As we test the corre-
sponding wave functions at very large momentum transfers, we include a d-state
admixture in the axial diquark, as expected from the tensor force in the OGE and
from the Bethe-Salpeter equation for the qq system. This yields for the proton

|p >=

(

CSΦS(r, φ)

[

1

2
[
1

2

1

2
]00

]

(7)

+
∑

L=0,2;S=0,1

CALΦAL(r, φ)
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)

δij√
3

(8)

where we estimate perturbatively C2
A2 ∼ 0.1CA0 (δij/

√
3 represent the q-diquark

color content).

Typical results for the momentum spectra C2
S |ΦS(q)|2, C2

A|ΦA(q)|2 with C2
S =

0.95, C2
A0 = 0.05 and C2

A2/C2
A0 = 0.1 are shown in Fig. 3 for Gaussian size pa-

rameters aS = 0.5 fm and aA = 0.55 fm. Clearly, at large q the L = 2 component
in the axial diquark becomes increasingly important, though, in view of significant
uncertainties of model calculation of the diquarks, Fig. 3 presents only a qualitative



view of the momentum spectra of diquarks.

With the ingredients above the observables, the pp → pΛ(Σ0)K+ cross sections
and their ratio, are readily calculated from

σ(Q) =
1

(2π)5vpp

1

4

∫

∑

spin

| < f |Vqq→qq(qq̄)|i > |2dVps (9)

with the initial state

|i >=

√

σel
pp

σtot
pp

Φpp(r, ρ, r′, ρ′) ei~p ~R (10)

(for Jacobi coordinates r, ρ, r′, ρ′, r′′, ~R, with ~R being the relative distance be-
tween the two baryons), whereby the ratio of the elastic to the total pp cross section
[20] estimates the reduction of the cross section from the coupling of the pp system
to inelastic channels in initial state interactions and the final state

|f >= ΦpY (r, ρ, r′, ρ′)Φω(r′′)χpY (~R) (11)

where the distorted wave ΦPY incorporates the pY final state interactions,
parametrized in terms of the scattering length apY and the effective range rpY ,
respectively (the very weak K+ baryon final state interaction is not included ([31]-
[33])).

For the practical calculations, all multiple integrals are evaluated in a Gaussian
expansion of both the bound state, the pY distorted wave and the transition oper-
ator; only the final one dimensional integration over phase space dVps is performed
numerically.

Fig. 4 and 5 show a comparison with experimental data. In Fig. 4 the energy
dependence of the total pp → pΛK+ and pp → pΣ0K+ cross sections is reproduced
qualitatively. Though the results shows a significant sensitivity on the diquark pa-
rameters, firm conclusions are prevented by the dominance of phase space and pY
final state interaction; furthermore, the very qualitative account of pp initial state
interactions, which reduce the total cross sections by typically a factor 0.4, prevents
an absolute normalization of the predictions.

Fig. 5 presents the energy dependence of RΛ/Σ0 (Q): as the ratio is less sensitive
to phase space and initial and final state interactions, is should reveal more strin-
gent information on diquarks. Keeping all additional parameters fixed, the ratio is
sensitivity influenced by the scalar versus axial content of the proton and by their
size parameters. Without searching for a best fit of the data, they can be repro-
duced nearly quantitatively with c2

s/c2
A0/c2

A2 = 95/5/0.5 and aS = 0.9 aA = 0.6 fm.
Even being very cautious in our conclusions, the result confirms qualitatively a very
large scalar diquark content with a probability of around 95% versus a strength of



typically 5% of the axial diquark in the proton [30]; it excludes the result from ref.
[34] with ∼ 20% of axial diquark.

It is clear that for further insight, additional experimental information is re-
quired. Particularly interesting would be detailed information on angular distri-
butions for both Λ and Σ0 the the final states, the excitation of pΣK final states
into different isospin channels and an extension of RΛ/Σ0 (Q) to Q > 60MeV for a
transition to excess energies up to Q ∼ 300 MeV. For theoretical progress, a de-
tailed baryon spectroscopy in a (semi) relativistic quark-diquark model has to be
performed. Beyond that, most promising will be a consistent description of Λ(Σ)K
excitation in the pp and in γp on the nucleon ([35][36]), as in photo-induced hyperon
production both initial and final state interactions are practically absent, so that
calculations with absolute normalization will be feasible.

Summarizing, already this first analysis in a quark-gluon model reveals new
information on proton-induced Λ, Σ production: their comparative study provides
a unique filter for details of the proton structure and on the clustering of qq systems
as scalar and axial diquarks.
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Fig. 1. Ratio RΛ/Σ0 of the cross sections pp → pK+Λ, pK+Σ0 as a function of the excess energy

Q =
√

s − (Mp + MΥ) + mK+ ), with
√

s as the center of mass energy. The data at Q < 60MeV
are from refs. ([3]-[5]). For Q > 300MeV the data point from [7] is indicated by the dashed line
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Fig. 2. Excitation of baryon resonances in meson exchange (a) and quark-gluon models (b)

Fig. 3. Momentum spectrum of the ratio |Φs(q)|2 versus |ΦA(q)|2 of scalar and axial diquarks
(with a d-state with a probability PD = 0.1 and two size parameters) and for pure s-states



Fig. 4. Q-dependence of the total cross sections pp → pΛK+(a) and pp → pΣ0K+(b). Compared
are results for different size parameters for the scalar diquark in Λ production (a) and for the axial
diquark in Σ0 production (with PD = 0.1) (b). References see Fig. 1



Fig. 5. RΛ/Σ0 (Q) for different parameters of the scalar and axial diquark (as specified in the figure
and references as in Fig. 1)


